Anomalous sea level, anomalous observed dynamic height (0/400 door) and anomalous model dynamic height are compared at the locations of 13 island sea level stations in the tropical Pacific for each 2-month interval of the 4-year period 1979 to 1982. Sea level compares well with both observed dynamic height (0/400 dbar) based on temperature/depth observations made by volunteer observing ships, and model dynamic height derived from a linear two-layer wind-driven model. The cross correlation between sea level and either of the dynamic heights is generally greater than 0.75. The ratio of root-mean-square (Rms) differences about the mean annual cycle of the sea level to Rms differences of either of the dynamic heights is approximately unity. Starting in 1981, off-equatorial Rossby wave activity propagated toward the western boundary of the Pacific basin; this also occurred in model dynamic height both north and south of the equator. Yet neither sea level observations nor observed dynamic height has the spatial and temporal resolution to establish a connection between the off-equatorial Rossby wave activity and the equatorial Kelvin wave activity in the western boundary region. On the other hand, the model dynamic height does have this capability. Therefore at the western boundary, the model Rossby wave activity is found to have excited coastally trapped Kelvin-Munk wave activity, which transmitted the anomalous sea level equatorward. At the equator this model coastally trapped wave activity excited eastward pro-
, which reached mature phase, according to the nomenclature of Rasmusson and Carpenter [1982] , in the winter of 1982-1983 . This is the first attempt to compare island sea level with both observed and model dynamic height during a major ENSO event. The intent of this paper is to use these comparisons to gain confidence in the model dynamic height; then the model dynamic height is used to establish the oceanographic connection that links off-equatorial variability in the western tropical Pacific to that in the eastern equatorial Pacific leading up to the ENSO event. Go4frey [1975 developed the first model for the redistribution of volume (i.e., dynamic height) in the upper ocean in the tropical Pacific, which linked processes in the off -equatorial western tropical Pacific with the increase of volume in the upper ocean at the eastern boundary of the Pacific during ENSO events; it goes briefly as follows. Off-equatorial westward propagating Rossby waves move water to the western boundary of the tropical Pacific, where equatorward propagating Kelvin-Munk waves excite boundary layer flows which transport water to the equator. This is followed by the transport of water from the western tropical Pacific to the eastern tropical Pacific through the excitation of internal Kelvin wave activity, a mechanism investigated earlier by Gill and Clarke [1974] . The Kelvin waves reflect off the eastern boundary as westward propagating Rossby waves, completing the cycle implicit in this scenario. The cycle period associated with this scenario is between 2 to 4 years, which is consistent with the time intervals usually observed between ENSO events. Although Godfrey suggested that oceanatmosphere interaction has an important role in understanding the ENSO cycle, his model did not include the influence of wind stress. Wyrtki [1975] developed the hypothesis that the dynamic height distribution in the western tropical Pacific responds to a collapse in the trade winds in the central and western Pacific, which is followed by the transport of water from the western tropical Pacific to the eastern tropical Pacific through equatorial currents associated with Kelvin wave activity and/or increased eastward transport in the North Equatorial Countercurrent. Wyrtki [1977 Wyrtki [ , 1979 Wyrtki [ , 1984 thereafter repeatedly observed a deepening of the main thermocline in the eastern equatorial Pacific and a shallowing of it in the western tropical Pacific during ENSO events, accompanied by an associated rise and fall, respectively, in steric sea level some months after a collapse in the trade winds in the central equatorial Pacific. This first established a working hypothesis relating the western tropical Pacific sea level and thermocline structure with that in the eastern equatorial Pacific during ENSO events.
This qualitative scenario was supported by the subsequent modeling studies of Hurlburt et aI. [1976] and McCreary [1976] . Both of these modeling efforts showed that internal Kelvin wave activity, running from west to east along the equator and excited by the collapse in easterly trade winds, could account for the rapid rise in sea level in the eastern tropical Pacific during the mature phase of ENSO events. Further development in this modeling effort showed that relaxation of the off-equatorial easterly trade winds would produce westward propagating off-equatorial Rossby wave activity. McCreary speculated that remotely forced interaction with the maritime coast of Asia (i.e., the western boundary) would excite eastward propagating Kelvin wave activity on the equator. Off-equatorial Rossby wave activity was found by McCreary [1983] to explain the change in sea level in the western tropical Pacific which occurs at different phases of the ENSO event. Although many qualitative aspects of the onset of an ENSO event were explained by these schematic models, they did not produce results that were quantitatively comparable with direct observations. Gi/l [1983] and Cane [1984] made the claim that sea level fluctuations in the eastern equatorial Pacific associated with ENSO events were due to Kelvin wave activity driven by zonal wind stress along the equator to the west. This ignored the concept introduced by Godfrey [1975) and discussed by , wherein equatorial Kelvin wave activity was generated remotely in response to the incidence of off-equatorial Rossby wave activity upon the maritime coast of Asia. The modeled dynamic height variability tended to be less than the observed sea level in both instances, a deficit which Gi/l [1983] noted could be made up by the action of Kelvin waves emanating from the western boundary. Cane [1984] postulated that the discrepancy was due to either underestimation of the winds or an "antecedent condition in the ocean" .
Recently, the two-layer wind-driven model of Busalacchi and O'Brien [1980] , which will subsequently be referred to as the BOB model, has beert used with considerable success in examining interannual variability in the dynamic height of the tropical Pacific prior to ENSO event (Inoue et al., unpublished manuscript, 1986 . This model contains the same dynamics as that of but is driven by realistic estimates of the wind stress, the construction of which was explained by Goldenberg and O'Brien [1981] . Earlier, interannual variability in sea level at Truk Island and at the Galapagos Archipelago had been compared with BOB model pycnocline height anomalies for the periods 1961 to 1970 (Busalacchi and O'Brien. 1981 ] and 1971 to 1978 (Busalacchi et al., 1983 ].
The results indicated that equatorial Kelvin wave activity, propagating from the western tropical Pacific, was responsible for the anomalous rise in sea level at Galapagos in the eastern equatorial Pacific associated with ENSO events. In the western tropical Pacific a rapid drop in off-equatorial sea level at Truk island during past ENSO events was shown by White et al. [1985a] to be caused both by a reduction in local wind stress forcing and by remotely forced westward propagating Rossby wave activity. The off-equatorial source of equatorial Kelvin wave activity was evident after the model had been run for several years [Busalacchi and O'Brien, 1981] , allowing the influence of the slower developing off-equatorial Rossby wave activity to be seen. Further comparisons between model dynamic height and sea level along the equator by Busalacchi and Cane [1985] found that while two vertical modes of response could explain better the variance in sea level along the equator, the first mode contained in the earlier BOB model explained most of the variance (i.e., > 75%). While the Busalacchi and Cane [1981] model was operated from 1977 to 1983, only model data from 1982 were used in the study. This made it impossible for them to observe the off-equatorial influence developing in 1981.
As was already described, island sea level data has been used by Wyrtki [1977 Wyrtki [ , 1979 Wyrtki [ , 1984 to infer the redistribution of volume .in the upper ocean (and dynamic height of 0/400 door) from the western tropical ocean to the eastern equatorial Pacific during ENSO events. But the paucity of island sea level stations does not allow the details of this redistribution to be understood. Temperature/depth data allow for: a greater spatial resolution of dynamic height over the tropical Pacific, as was described by White et al. [1985b] and Inoue et al. [unpublished manuscript, 1986 ].
This greater resolution of the temperature/depth data set has allowed off-equatorial Rossby wave activity to be detected and some evidence of equatorial Kelvin wave activity to be found [White et al., 1985b ]. Yet even with this greater spatial resolution, the critical activity in the western boundary along the maritime coast of Asia, linking off-equatorial processes (i.e., expressed in terms of Rossby wave activity) to the western boundary and equatorial phenomena (i.e., expressed in terms of KelvinMunk and Kelvin wave activity) could not be detected. On the other hand, the BOB model contains the necessary spatial and temporal resolution in the tropical and equatorial Pacific which would allow a linkage between offequatorial tropical and equatorial processes. Already, Inoue et al. [unpublished manuscript, 1986 ] have determined that the BOB model dynamic height accounts for 50% of the total interannual variance of observed dynamic height of the tropical Pacific for the 4 years (i.e., 1979-1982) under consideration. Therefore the BOB model in the western boundary region is used to detect the linkage between off-equatorial and equatorial regions, establishing the remote forcing of internal Kelvin wave activity by off-equatorial processes.
DATA AND METHoDS

Island Sea Level
Bimonthly sea level anomalies at 13 island stations in the tropical Pacific (Figure 1) [Wyrtki, 1984] ; the thirteenth station (Galapagos) was obtained from a pressure transducer record at Isabela Island in the Galapagos Archipelago which has been analyzed and edited at the Pacific Marine Environmental Laboratory in Seattle, Washington [Hayes et al., 1978; Hayes, 1986] . All of the records were low-pass filtered to remove tidal variations, and then daily mean sea level was calculated. Monthly mean sea levels were calculated from the daily means. The monthly mean values of sea level height observed at each station were not corrected for atmospheric pressure because the variability of monthly mean atmospheric pressure in the tropical Pacific is small and hence uncorrelated with sea level in the spectral range of interest !Roden, 1963; Luther, 1982] . Upon obtaining monthly mean sea level in this manner, the bimonthly means were calculated in order to make them consistent with the bimonthly observed dynamic height data (see below). Gaps were present in several of the records; if the duration of the gap was only one 2-month period, it was filled by linear interpolation between the neighboring points, but otherwise the gap remained. Large gaps in the island sea level data occurred at Nauru (station 3), Fiji (station 5), Canton (station 7), Pago Pago (station 8), Christmas (station 10), Jarvis (station 11), and Galapagos (station 13). No attempt to fiU the gaps through interpolation was made. However, the consequences of these gaps were not serious; for instance, the gap in the Galapagos record occurred in early 1979, but the largest signal in that record was in the latter half of 1982. The most serious gap occurred in the latter half of 1982 in the Canton (station 7) record, since this was during the  this gap must be borne in mind when considering the Canton (station 7) sea level results. [White et al., 1985bJ , has deployed approximately 1500 expendable bathythermographs (XBTs) into the region shown in Figure 2 each year. An XBT measures temperature from the ocean surface to a depth of 500 m, with an instrumental accuracy of :i:.l °C. An additional 2<XX> to 3000 temperature/depth profiles were made available from a variety of other sources through the Integrated Global Ocean Services System, the Aeet Numerical Oceanography Center (FNOC), and the Pacific Environmental Group of the National Marine Fisheries. These latter data tend to be scattered intermittently over the tropical Pacific. However, the vas XBT coverage was concentrated principally along three ship routes: (I) from New Caledonia to Japan, (2) from New Caledonia to Hawaii and to the west coast of North America, (3) and from Tahiti to Panama.
Temperatures at 11 depths were mapped over the tropical Pacific for each 2-month period in the 4-year period 1979 to 1982 [White et al., 1985bJ . The mapping procedure was based upon optimum interpolation methodology utilizing known time/space statistics of the large-scale variability in the Pacific determined by White et al. [1982J. The 11 standard depths were 0, 20, 40, 60, 80, 100, 120, 160, 200, 300, and 400 m, chosen to resolve the large vertical thermal gradients present near the sea surface. Using optimum interpolation, the temperature at each depth was mapped separately, accepting data around each grid point in an ellipse with a zonal major axis of 15° of longitude and a meridional minor axis of 3° of latitude.
Dynamic height D relative to 400 dbar, was estimated in the following manner: 0 D<X,y) = -,[ a<X,y) dp (I) 400 where x is longitude, y latitude, and a is the specific volume anomaly of water. The specific volume was determined from the measure of temperature T and salinity S TABLE 1. Cross Correlation of Sea Level and Observed Dynamic Height (0/400 dbar) -The ratio of the Rms differences of sea level about the mean annual cycle to Rms differences of observed dynamic height (0/400 dbar) about the mean annual cycle. s a function of pressure. Long-tenn mean TIS relations provided by Emery and DeMGr [1982] for the tropical and equatorial Pacific allowed the estimation of salinity S, from knowledge of temperature T and pressure P, the latter determined from observed temperature! depth data.
The optimum interpolation methodology produced an error estimate for each temperature/depth pair in the gridded field; this estimate of temperature error was vertically integrated to compute a standard error of the estimate for dynamic height. The integrals have been approximated using a finite sum estimate based on Simpson's rule.
The salinity estimation involved two error contributions, one a consequence of temperature error and the other a consequence of errors in the r1'Iean TIS relations. The error estimate for ead1 a was therefore a sum of three different errors, one due to temperature error (E,), another due to salinity error induced by the temperature error ~,), and another due to salinity error induced by the temperature (ED). Therefore the the error of the estimate of specific volume was .J -(E, + Es)2 + EK essler and Taft [1985] find that the error in the determination of salinity through the use of mean TIS relationships reduces the accuracY of the detennination of dynamic height because of the annual and interannual variability in the TIS characteristics near the surface. This source of deiradation in the quality of dynamic height is already included rn the specific volume anomaly error estimate (Em), derived from the standard deviation of the TIS relationships. This source of error is not so large as to obscure the short-tenD climatic signals in dynamic height observed durin. to produce the model dynamic height data utilized in this study. The model domain is shown in Figure 3 and covers an area from 126°E to 79°W and from 18°N to 12°5, represcntina the tropical Pacific (kean with idealized boundaries. The model grid size was 40 kIn in both longitude and latitude; the grid size was increased by averaging to 2° latitude by 100 longitude in order to make the grid consistent with the observed dynamic height grid. Open boundary conditions were used along the northern and southern boundaries. The phase speed c of the internal gravity wave mode was set equal to 2.5 m .rl, which is close to the phase speed of the first baroclinic mode observed in the equatorial central Pacific (kean. Wind stress data used to fo~ the model came from ship wind observations. The method for producing these wind stress fields was similar to the method used by Goldenberg and O'Brien [1981] to produce the 1960-1970 wind stress fields. As with earlier wind stress fields, the 1979--1982 wind st~ estimates were subjectively analyzed from 2° latitude by 100 longitude marine wind summaries. Originally, monthly wind stress was assigned to the middle of each month. A time step of 2 hours was used for numerical integration, and linear interpolation was used to obtain wind stress at each time step and grid point. The model has been integrated from January 1961 to January 1983; results for the first 18 years have been discussed elsewhere [Busalacchi and O'Brien, 1981; Busalacchi et al., 1983] .~ 
Interannual Rms Differences
Interannual Rms differences were computed over the 4-year ~riod 1979-1982 for each of the three fields: (1) anomalous bimonthly sea level at each of 13 Pacific island stations, (2) anomalous bimonthly observed dynamic height (0/400 dbar) over the optimal analysis 2° latitude by 10° longitude grid, and (3) anomalous bimonthly model dynamic height over the same grid. In each case, anomalies were computed from a long-tenD monthly mean over the 3-year ~tiod 1979-1981. The ENSO year 1982 was excluded, as was recon1ri1ended by Meyers [1982] . The Rms differences of sea level about the mean annual cycle is mapped in Figure 4 (up~r panel); it is contoured with poor spatial resolution owing to the paucity of island sea level stations. Nevertheless, it is clear that the largest variability occurs in the eastern equatorial Pacific and the western tropical Pacific north of the equator; the smallest variability lies in the central tropical Pacific. These very general features are found also in both the Rms differences of observed dynamic height (0/400 dbar) (Figure 4 , middle panel) and the Rms differences of model dynamic heiaht (Figure 4 , lower panel). The magnitude of the Rins differences of sea level, observed dynamic height (0/400 dbar), and model dynamic height are Sinillar to one another. However, differences do exist. The spatial scale of observed Rms differences is smaller than the spatial scale of model Rms differences. The Rms differences of observed dynamic height show a ridge of maximum values extending all the way across the basin between 5° and 12°N, whereas the model shows local maximum values of Rms differences only along the western boundary. According to Inoue et al. [unpublished manuscript, 1986] , these discrepancies are due to the use of o~n boundaries in the model along the northern and southern edges of the model region. The smallest Rrns differences of sea level are 40° to the west of the corresponding minimum in the Rms differences of observed dynamic height. The minimum in Rms differences of model dynamic height lies in between. Thẽ differences of both sea level and observed dynamic height have distributions that are affected by data sparse regions, probably accounting for this difference in the location of minimum Rrns differences. Model dynamic height D was not one of the model outputs and had to be computed from the depth of the model pycnocline, Z. This is simple enough, but it requires knowledge of the reduced gravity constant g', where
where PI is the density above the pycnocline and P2 is the density below the pycnocline. The magnitude of the reduced gravity constant is a function of the phase speed of the model internal gravity wave mode:
where Zo is the initial undisturbed pycnocline depth. The phase speed c waS fixed before the model was run (see above), but Zo can be set to any reasonable value. On the basis of studies conducted on the mean depth of the 14°C isotherm (located in the middle of the main pycnocline) over the tropical pacific, a depth for Zo was chosen to be 200 m. This fixed the value of reduced gravity g', Then the instantaneous model dynamic height D was obtained from the following expression:
Island Sea Level and Observed Dynamic Height
Time sequences of both bimonthly sea level and observed dynamic height (0/400 dbar) are given in Figure  5 . Both the sea level and observed dynamic height time series are dominated by the ENSO event in 1982; in this last year agreement between sea level and dyn:amic height (0/400 dbar) is quite good. Cross correlations and the Rms ratios have been computed and are shown in Table 1 , quantifying the comparison between sea level and observed dynamic height (0/400 dbar) in Figure 5 . These statistics provide a quantitative measure of the visual comparisons, although most records have no more than 4-5 degrees of freedom because of the limited record length. Sea levels from islands within 3° of the equator tend to correlate best with observed dynamic hcight~ much of this correlation comes from the last year of the record. Therefore changes in sea level during this ENSO event arc reflected in the baroclinic adjustment in the upper 400 m of the equatorial Pacific. Table 1 at all but Guam (station I) and Fiji (station 5) are above 0.7. In addition, the ratios of standard deviation of sea level and dynamic height (0/400 dbar) ranle around unity; the largest ratio of Rrns variability occurs at Christmas Island (station 10), PAZAN£rAL.: ~-~ATORIAL lNFLUENCE~RING11IE which may have erroneous sea levels due to placement of the tidal gauge within the coral atoll.
Cross-correlation values in
The shading in Figure 5 represents the standard error of the optimal interpolation estimate in observed dynamic height, the calculation of which was discussed in section 2. Over most of the 4-year period the short-term climatic fluctuations of the anomalous dynamic height are of the same order as these errors, exceeding them in the last year of the record when the ENSO event occurred. Regardless, during the first 3 years of record the shortterm climatic fluctuations in sea level and observed dynamic height (0/400 dbar) seem to be similar for most stations. An exception to this is in the first year of the Guam (station 1) sea level, although during 1980-1981 the ~a level and dynamic fluctuations were similar at Guam. Of the other stations, JohnSton is notable for the amount of variance at periods of 1 year or less; nevertheless., sea level and observed dynamic height seem quite similar.
Comparison of Island Sea Le~1 and Model Dynamic Height
It must be demonstrated the model dynamic height simulates the observed sea level variability where such data exist. Therefore time sequences of island sea level and BOB model dynamic height (0/400 dbar) are shown in Figure 6 . The islands of Fiji (station 5), Pago Pago (station 8), and Papeete (station 12) are not shown since the southern boundary of the model did not extend southward of 12°S; since the northern boundary of the model was at 18°N, Hilo (station 9) is also not shown. Correlations of sea level and model dynamic height are tabulated in Table  2 . The correlations are usually larger than 0.5, lower than the correlations of sea level and observed dynamic height (Table 1 ). The lowest correiations occur at the island stations close$i to the northern edge of the model region, where boundary effects in the model reduce the veracity of the model dynamic height simulation [Inoue et al., unpublished manuscript, 19861 . The ratio of Rms variabjlity of sea level and model dynamic height ranges from 0.9 to 2.0, with the model tending to slightly underestimate the magnitude of the sea level variability. In particular, both the magnitude and phase of the ENSO signal in 1982 have been simulated by the model dynamic height (0/400 dbar) at all stations within :f: 10° latitude of the equator.
Comparison of Model Dynamic Height and Observed Dynamic Height
Anomalous model dynamic height time sequences and anomalous observed dynamic height time sequences are shoWn in Figure 7 . The data in' this figure have been discussed in previous sections; they are repeated here only to illustrate some notable similarities and differences between the time sequences of observed and model dynamic height anomalies. First, the magnitude of the model dynamic height variability is approximately equal to that of the observed dynamic height variability at most island stations (Table 3) . Generally, the model dynamic height lies within the shaded range of uncertainty about the observed dynamic height. The cross correlations are also tabulated in Table 3 ; the largest cross correlation is at Truk (0.88) with the cross correlations at stations along the equator all greater than 0.67.
CoNNEcrlON BETWEEN ~-EQUATORIAL AND EQUATORIAL DYNAMIC HEIGHT VARIABILITY
The high overall coherence of sea level and observed dynamic height ( Figure 5 ) establishes circumstantial evi. dence for the linkage between westward propagating offequatorial Rossby wave activity and equatorial Kelvin wave activity. A sequence of events can be perceived in both the sea level and the observed dynamic height from the off-equatorial islands of Hilo (station 9), Johnston (station 6), Guam (station I) and Truk (station 2) to the equatorial islands of Nauru (station 3), Jarvis (station II), Christmas (station iO), and Galapagos (station 13). In late 1980 a brbad peak in both observed dynamic height and sea level was perceptible in the off-equatorial islands in the central North Pacific at Hilo (station 9) and Johnston (station 6); 6-9 months later, anomaiously high sea level and observed dynamic height appeared further west at Truk (station 2) and Guam (station I) in late 1981. Finally, a generai rise in sea level and observed dynamic height occurred along the equator at Nauru, Jarvis, and Christmas (stations 3, Il,and 10, respectively) throughout 1982, culminating jn the great increase in sea level and . observed dynamic height at Galapagos (station 13) at the end of 1982. The propagation of theSe features is consistent with observations by White et aJ. [1985b] , who showed that during the 2 years prior to the [1982] [1983] ENSO event, anomalously high vertically averaged temperature (an aljas of dynamic height (0/400 dbar», appeared south of Hawaii in late 1980, subsequently propagating westward at baroclinic Rossby wave speeds and arriving at the maritime coast of Asia in late 1981, followed by a general warming along the equator in early 1982, propagating eastward at higher-mode baroclinic Kelvin wave speedS.
So both the sea level and observed dynamic height variability in the eastern equatorial Pacific appear to have had their origins in the western tropical North Pacific 1-2 years earlier. Yet proof of this off-equatorial connection to equatorial variability is incomplete becaUse of the lack of sea level and observed dynamic height observations in the western boundary region along the maritime coast of Asia. To provide the data fbr this proof, the BOB model dynamic heishct data set of Inoue et aJ. [unpublished manuscript, 1986 ] is examined.
THE PROGRESSION OF OFF-EQUATORIAL MODEL DYNAMIC HEIGHT ANOMALY THROUGH THE WESTERN BoUNDARY TO mE EQUATOR
Observations of sea level and observed dynamic height (0/400 dbar) are restricted to islands instrumented with tide gauges or areas with temperature/depth data observations. The available island stations are not ideally situated to track the progression of a westward propagating Rossby wave activity off the equator, nor to follow the time progression of a signal in the sea level after it reaches the maritime coast of Asia (i.e., the western boundary). Gaps in the temperature/ depth data coverage (Figure 2 equator in 1982, making it difficult to follow the time progression of phenomena in observed dynamic height. In addition, the paucity of temperature/depth data limits the time resolution at most grid locations to a maximum of 1-2 months. Since the model dynamic height data has no such limitations, the monthly model dynamic heights at nine stations regularly spaced through the model Pacific basin are shown in Figure 8 in order to illuminate the propagation of mOdel anomalies through the western boundary, connecting the off-equatorial western tropical Pacific to the eastern equatorial Pacific in a way that no time sequence of observed dynamic height or island sea level could. The right panel in Figure 8 shows time sequences of The ratio of the Rms differences of the sea level about the mean annual cycle to the Rms differences of the model dynamic height about the mean annual cycle. model dynamic height anomalies at locations in the northern hemisphere and along the equator. A large positive anomalous peak (labeled" B') occurs at location 1 in the interior model ocean in the summer of 1981, and leads by 6-9 months the corresponding positive anomalous peak (labeled "8') at location 2 on the western boundary in December of 1981. The next time sequence is at location 3, which is 5° south of location 2 on the western boundary of the model. The positive anomalous peak at location 3 occurs in January 1982, 1 month after the aforementioned peak labeled "8' at location 2. On the equator at location 4 there is a positive anomalous peak (labeled "B') at the same time, in January 1982. This peak, which is the earlier of two in the time sequence for 1982 at location 4, leads a peak (labeled "B') at location 5 on the date line by 2 months. In its turn, the peak at location 5 in April 1982 leads a positive anomalous peak (labeled "B') at location 6 in the eastern equatorial Pacific by 1 month. At location 6, this peak (labeled "8') in May 1982 can be seen to coincide with a secondary peak that occurred in sea level and observed dynamic height at Galapagos ( Figure 5 ) in May of the 1982 ENSO year.
The speed of propagation of the peak labeled ~B') from location I to 2 is 20-30 cm s-', i.e., approximately the zonal speed of baroclinic Rossby waves at this latitude (i.e., lOON). Upon encountering the western boundary region, the signal (i.e., peak) travels from location 2 to location 3 and onto location 4 at a speed, on average, of approximately 40 cm s-'. This is much slower than the coastally trapped Kelvin-Munk wave which has a speed greater than 600 cm s-' given a horizontal eddy viscosity of IOZm2s-' at the western boundary a.J. O'Brien, personal communication, 1986 ) and the Kelvin-Munk wave dispersion relation [Goqfrey, 1975J. However, because of the coarse time resolution, this calculation represents the minimum speed. The time lap between the peaks in the time sequences at locations 4, 5, and 6 along the equator imply a propagation speed of approximately 200 cm/ s-' , consistent with eastward propagating first-mode Kelvin waves. In fact, Inoue and O'Brien [1986J have shown already that the peak (labeled "B') at locations 4, 5, and 6 is associated with eastward propagating equatorial Kelvin wave activity; however, they did not demonstrate any connection with oft'-equatorial phenomena.
The left panel in Figure 8 shows time sequences of model dynamic height anomalies at locations in the southem hemisphere and along the equator. A large positive anomalous peak (labeled" A") occurs at location l' in February 1982, leading the large peak at l()(:ation 2' by two months (labeled" A" also). The next time sequence of anomalous model dynamic height is at location 3', which is 50 north of location 2' on the western boundary of the model. A large peak at location 3' occurs in April 1982, simultaneously with the large peak in location 2'. On the equator at location 4 is a major positive anomalous peak in May 1982 (still labeled" A"), 1 month later. This peak, which is the later (and larger) of two in the time sequence for 1982 at location 4, leads a major peak at location 5 (also labeled" A") on the date line by 2 months. In its turn, the major peak at location 5 in July 1982 leads a large positive anomalous peak at location 6 in the eastern Pacific by 3 months. At location 6 this peak (labeled" A") in October 1982 can be seen to coincide approximately with the major ENSO peak that occurred in sea level and observed dynamic height at the Galapagos Archipelago ( Figure 5 ).
The speed of propagation of the peak labeled" A" from location l' in the interior model ocean to 2' on the western boundary is 20-30 cm g-1; i.e., approximately the zonal speed of baroclinic Rossby waves at 100S. If the peaks labeled" A" are followed as indicators of wave propagation, given the lags discussed above between locations 2', 3', and 4', along the western boundary of the western South Pacific, the average speed is approximately 40 cm g-l, much slower than the coastally trapped Kelvin-Munk wave( i.e., >600 cm g-1); however, because of coarse time resolution this calculation represents the minimum speed. The time lags between the peak labeled" A" in the time sequences at locations 4, 5, and 6 along the equator imply a propagation speed of approximately 140 and 160 cm g-l. This is also slower than the eastward propagation speed of a first mode internal Kelvin wave (i.e., 250 cm g-l). Inoue and O'Brien [1986) interpret the origin of these model results differently than is done in the present study. They find the peak (labeled "B') in Figure 8 to have been generated by anomalous westerly wind stress on the equator in the western Pacific. They state that this equatorial wind event is solely responsible for the presence of this eastward equatorial Kelvin wave activity; the possibility of a connection with off-equatorial Rossby wave activity going back to 1981 was not considered. In the present study this peak (labeled "B') in Figure 8 can be seen to have originated in the off-equatorial North Pacific in early 1981. Inoue and O'Brien [1986) find the later peak (labeled "A") in Figure 8 to have been excited by anomalous westerly wind stress near the date line in mid-1982. The speed (i.e., 140-160 cm g-1) of eastward propagation of this major peak is apparently reduced because it is a forced wave, not a free Kelvin wave, propagating eastward in association with a corresponding wave in the overlying anomalous zonal wind stress forcing field. Such an interpretation is consistent with the linear wind-driven model results of Tang and Weisberg [1984) , who also attribute the increase in magnitude of both peaks over previous El Niflo events to the eastward translation of the observed westerly wind anomaly. Both Inoue and O'Brien MODEL DYN. HT. vs OBSERVED DYN. HT. ked nature of the equatorial signal in dynamic height has been noticed before [Tang and Weisberg, 1984; Inoue and O'Brien, 1986; Busalacchi and Cane, 1985] ; the trough between the peaks has been determined by Inoue and O'Brien [1986] to be associated with Kelvin wave activity created by the temporary resurgence of the easterly trade and Tang and Weisberg state that this equatorial wind event is responsible for the presence of this eastward equatorial wave activity. In the present study this peak (labeled" A") in Figure 8 can be seen to have originated in the oft'-equatorial South Pacific in late 1981.
The oft'-equatorial peak in the northern hemisphere precedes the earlier of two peaks occurring along the equator in 1982, while the oft'-equatorial peak in the southern MODEL DYNAMIC HEIGHT, SOUTH PACIFIC NORTH PACIFIC 2 '~"i "~1.
11'19 VEAlS
winds along the equator in the spring of 1982. Evidence in this study indicates that both peaks were associated with propagating events off the equator, one in each hemisphere, occurring much earlier than the spring of 1982. However, it is dear that in 1982 these remotely forced ENSO signals (i.e., these peaks in dynamic heiibt) were intensified by equatorial wind-driven processes. This probably could not have happened as a random coincidence, but rather as a part of a complex <x:ean/atm~phere interaction process of the kind suggested by McCreary [1983] . Some ambiguities remain. First, the poleward boundaries of the BOB model are really too close to the equator (i.e., 18°N, 12°S), allowing for the possibility of unrealistic influence stemming from these boundaries. Second, the western boundary of the model in the southern hemisphere is 100 of longitude west of where the actual western boundary of the Pacific Ocean lies along the *The ratio of the RIDs differences of the omerved dynamic heilht (0/400 dbar) about the mean annual cyde to the Rms differences of the model dynamic heiaht about the mean annual cycle.
eastern edge of the Solomon Archipelago. It can be imagined that had this western boundary been placed properly, the model peak from the southern hemisphere would have occurred earlier; this would have tended to merge the two equatorial peaks into one broad peak reaching its maximum in the fall of 1982. Therefore this double-peak character may be sensitive to the \wy in which the western boundary of the model is constructed. Third, there equatorial Rossby wave activity, as has been assumed in the construction of the BOB model.
CoNCLUSIONS AND SUMMARY
Island sea level, on,erved dynamic height (0/400 dbar), and model dynamic height all show a high degree of coherence on short-term climatic scales both on and oft' the equator in the tropical and equatorial Pacific. The connection of oft'-equatorial sea level to the development of equatorial sea level during an ENSO event, hypothesized initially by Go4frey [1975] and discussed by McCreary [1976 , has been shown to be consistent with the development in observed dynamic height [White et al., 1985] during the 1982-1983 ENSO event. However, establishment of a direct connection between the oft'-equatorial western Pacific and the eastern equatorial Pacific has not been possible until now, with an analysis of the BOB model dynamic heiiht .
McCreary [1976, 1977] proposed that westward propagating oft'-equatorial Rossby wave activity is initiated in the central Pacific a year and a half before the mature phase of the ENSO event. This wave activity propagates anomalously high sea level and dynamic height toward the western boundary of the Pacific basin (i.e., the maritime coast of Asia); this is on,erved to occur in the BOB model dynamic height both north and south of the equator 1 year prior (during 1981) to At the western boundary the oft'-equatorial Rossby wave activity is expected [McCreary, 1976 [McCreary, , 1911 to excite baroclinic Kelvin wave activity along the western boundary, which transmits the anomalously high sea level equatorward where it generates eastward-propagating Kelvin waves. Inoue and O'Brien [1986] have demonstrated that both Kelvin wave activity and eastward propagatina, windforced, wave activity were present and account for the peaks in the model dynamic anomalous associated with the 1982-1983 ENSO event on the equator. Yet they failed to realize that both of these peaks in anomalous dynamic height occurred first in the off-equatorial western Pacific, up to a year earlier.
The complete evolution in anomalous dynamic height associated with the 1982-1983 ENSO event starts 1-2 years earlier with off-equatorial westward propagating Rossby wave activity in both the northern and southern hemisphere at approxjmately 100 latitude. It ends with an anomalous peak in the eastern Pacific coinciding with the mature ENSO event. Whether this progression is initiated in the northern or southern hemisphere, the off-equatorial westward propaaating Rossby wave activity excites (in the BOB model) coastally trapped Kelvin-Munk wave activity on the western boundary travelina equatorward, which in turn excites an eastward propagating equatorial Kelvin wave activity, terminating in an anomalous peak in model dynamic height in the eastern equatorial Pacific. In 1982 the peak oriainating in the southern hemisphere approximately coincides with the mature phase of the ENSO event; the peak oriainating in the northern hemisphere coincides with the preliminary anomalous peak occurrina the summer before the mature phase of the ENSO event.
